Resonance Raman studies on the flavohemoglobin of the protist Giardia intestinalis: evidence of a type I/II-peroxidase-like heme environment and roles of the active site distal residues.
Flavohemoglobins are microbial enzymes that counter nitrosative stress, but the details of their underlying enzymatic activities and structure-function relationships are not completely understood. These enzymes have been identified in Gram-negative bacteria, certain fungi, and the parasitic protist Giardia intestinalis (gFlHb) which, despite lacking the ability to make heme, encodes several hemeproteins. To gain knowledge about the biophysical properties of the active site of gFlHb, we used resonance Raman spectroscopy to probe the wild-type protein and variants at globin domain positions E11, E7, and B10 on the distal, ligand-binding side of the heme. The heme of gFlHb has a peroxidase-like environment resembling that of the well-characterized E. coli flavohemoglobin HMP. We provide evidence that gFlHb has two Fe-His stretching modes, a feature that also occurs in type I/II-peroxidases in which a proximal histidine with strong imidazolate character and a nearby carboxylic acid residue can exist as a tautomeric pair depending on the position of a shared proton. Characterization of the distal variants Tyr30Phe, Gln54Leu, and Leu59Ala shows that TyrB10 and GlnE7 but not LeuE11 are implicated in stabilisation of bound exogenous ligands such as CO and O2. Our work revealed that several biophysical properties of the heme active site of gFlHb are highly conserved compared to HMP and suggest that they are conserved across the flavohemoglobin family.